The two new thiostannate compounds (trenH) 2 Sn 3 S 7 (1) and {[Mn(tren)] 2 Sn 2 S 6 } (2) (tren = tris-2-aminoethylamine) were obtained under solvothermal conditions. Compound 1 crystallizes in the hexagonal space group P6 3 /mmc with a = 13.2642(19), c = 19.078(3) Å, V = 2906.9(7) Å 3 . The layered [Sn 3 S 7 ] 2− anion is constructed by Sn 3 S 4 semi-cubes sharing common edges. The layers are characterized by large hexagonal pores with dimensions of about 11 × 11 Å 2 . Compound 2 crystallizes in the triclinic space group P1 with lattice parameters a = 7.6485(7), b = 8.1062 (7), c = 12.1805(11) Å, α = 97.367(11), β = 103.995(11), γ = 108.762(10) • , V = 676.17(10) Å 3 . The [Sn 2 S 6 ] 4− anion is composed of two edge-sharing SnS 4 tetrahedra and joins two Mn 2+ -centered complexes by Mn-S bond formation. The Mn 2+ cation is in a trigonal-bipyramidal environment of four N atoms of the tren ligand and one S atom of the thiostannate anion. Both compounds are semiconductors with a band gap of 2.96 eV for 1 and of 2.75 eV for 2.
Introduction
In the last decades a large number of thiometalate compounds were prepared following the solvothermal approach, and the fascinating chemistry of these compounds was discussed in several review articles [1 -5] . Among the thiometalates, thiostannates are an attractive group of compounds exhibiting promising, zeolite-like properties and interesting structural features [1 -8] . The negative charge of the anionic thiostannate networks can be compensated in three different ways: 1. metal cations are integrated in the network yielding pure inorganic compounds, 2. organic molecules, protonated amine molecules or transition metal complexes (TMC) serve as counterions, and 3. TMCs are part of the networks with bond formation between the thiostannate and the TMC. The first thiostannates with organic or protonated amine molecules acting as charge-compensating cations were synthesized under solvothermal conditions applying alkyl ammonium cations. Bedard introduced the notation "R-M'MS-n" for the new thiostannates [9 -11] . The structure-directing agents R act also as chargecompensating cations, M' represents a 3d or 4d metal cation and M the network atom (Ge, Sn, Sb, In). The number n distinguishes between different structure types. The solvothermal syntheses were conducted with metal sulfides, or metals and sulfur, and the corresponding amine solutions or alkyl ammonium salts. In most cases lamellar structures were formed. The common structure types R-SnS-1 and R-SnS-3 are built of two-dimensional layers ([Sn 3 S 7 ] 2− resp. [Sn 4 S 9 ] 2− ) with Sn 3 S 4 semi-cubes as main structural motifs. These well-known thiostannate families feature many members, and several interesting experiments were done with outstanding results [12] . In the meantime, a relatively large number of thiostannates have been synthesized under solvothermal conditions applying different structure-directing agents [13 -19] . The main goal of many experiments designed to obtain a thiostannate material that combines the properties of zeolites with the optical and electronic properties of c 2012 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com semiconductors could not be reached due to the fact that the structure-directing molecules located in and/or below pores, in channels or between layers, cannot be removed without a collapse of the inorganic network. Nevertheless, due to their rich structural features and semiconducting properties, thiostannates are possible candidates for various applications including chemical sensing [20 -23] .
Alterations of the physico-chemical properties of thiostannates can be achieved by integrating transition metal complexes (TMC) into the networks, and the potential of this approach is impressively demonstrated by many examples (see for example ref. [12] 
Experimental Section

Synthesis
General: All chemicals were purchased (see below for purity and source) and used without further purifications. All compounds were prepared under solvothermal conditions in Teflon-lined steel autoclaves (inner volume 30 mL) or glass tubes (inner volume 7 mL) using tin, manganese, sulfur and amine. The crystalline products were filtered off after the reactions, washed with water and ethanol or acetone and dried in a vacuum. The reaction products were separated manually, and the homogeneity was checked by powder X-ray diffraction and elemental analysis. 2 
Synthesis of (trenH)
Synthesis of {[Mn(tren)] 2 Sn 2 S 6 } (2)
54.9 mg (1 mmol) of manganese, 118.7 mg (1 mmol) of tin and 96.2 mg (3 mmol) of sulfur were reacted with 2 mL of a 50 % aqueous solution of tren using a diffusion cell. The mixture was heated at 180 • C for 7 days. The yield of the light-yellow needles was about 15 % -20 % (based on Sn). Elemental analysis (%): calcd. C 17.3, H 4.4, N 13.5; found C 17.3, H 4.5, N 13.2.
Structure determinations
The intensity data were collected using a Stoe IPDS-1 with MoK α (λ = 0.71073 Å) radiation at room temperature. The structures were solved with Direct Methods using the program SHELXS-97 [40] , and the refinements were carried out against F 2 with SHELXL-97 [41] . All non-hydrogen atoms were refined with anisotropic displacement parameters. The amine molecules in 1 are strongly disordered and could not be localized during the structure refinement. Therefore, the data were corrected for disordered solvent using the SQEEZE option in PLATON [42] . Calculation of the volume available for solvent molecules with PLATON yields 1975.8 Å 3 which is large enough to host two molecules of tris-2-aminoethylamine. Table 1 . Crystal data and selected details of the data collection and structure refinement results.
For compound 2 all non-hydrogen atoms were refined with anisotropic displacement parameters. The hydrogen atoms were positioned with idealized geometry and were refined using a riding model. The crystal was nonmerohedrically twinned, and the reflections of both individuals were indexed separately, and the intensities were integrated using the TWIN option in the IPDS-1 program package. Overlapping reflections were omitted. Therefore, the completeness is only 77.7 %. Selected structural data and refinement results are summarized in Table 1. CCDC 887622 (1) and CCDC 887623 (2) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_ request/cif.
SEM-EDX analysis
Scanning electron microscopy investigations (SEM) and energy dispersive X-ray analyses (EDX) were performed with a Philips Environmental Scanning Electron Microscope ESEM XL30 equipped with an EDAX detector.
Powder X-ray diffractometry
The powder X-ray diffraction patterns were recorded on a Stoe Stadi-P powder diffractometer (CuK α1 radiation, λ = 1.540598 Å, Ge monochromator) in transmission geometry.
Thermal investigations
The thermal measurements were performed on a Netzsch STA 429 DTA-TG measurement device. The samples were heated to 500 • C with a rate of 4 K · min 
Raman spectroscopy
Raman spectra were recorded with a Bruker IFS 66 Fourier transform Raman spectrometer (wavelength: 541.5 nm) in the range from 100 to 3500 cm −1 .
UV/Vis spectroscopy
UV/Vis spectroscopic investigations were carried out at room temperature using an UV/Vis/NIR two-channel spectrometer Cary 5 from Varian Techtron Pty., Darmstadt. The optical properties of the thiostannates were investigated by a Symmetry transformations used to generate equivalent atoms: a: −x + y + 1, −x + 1, z; b: −x + 1, −y, −z + 1; c: −y + 1, x − y, z Table 2 . Selected Sn-S bond lengths (Å) and S-Sn-S angles (deg) in the structure of 1 a .
analyzing the UV/Vis reflectance spectra of the powdered samples (with BaSO 4 powder used as reference material). The absorption data were calculated applying the KubelkaMunk relation for diffuse reflectance data. The optical band gap of 1 was estimated to 2.96 eV, and for 2 the band gap is about 2.75 eV.
Results and Discussion
Crystal structure of (trenH) 2 Sn 3 S 7 (1)
The compound crystallizes in the hexagonal space group P6 3 /mmc with 4 formula units in the unit cell. The layered [Sn 3 S 7 ] 2− anion contains Sn 3 S 4 semicubes which are formed via edge-sharing of SnS 5 trigonal bipyramids (Fig. 1) .
The Sn-S bonds are in the range from 2.390(2) to 2.6074(2) Å with S-Sn-S angles varying between 87.02(5) and 179.50(7) • (Table 3) . Fig. 1 (color online) . The Sn 3 S 4 semi-cube and the edgesharing connection by a SnS 5 trigonal bipyramid generating an Sn 2 S 2 ring. The atoms generated by symmetry are labelled with a (see also Table 2 ).
All values are in good agreement with the literature data [16, 18, 19] . The Sn 3 S 4 semi-cubes are joined via two S 2− anions yielding anionic layers with hexagonal-shaped 24-atom rings (Fig. 2) .
The dimension of the pores is about 10.9 × 10.9 Å 2 . Perpendicular to [001] the layers are stacked in a way that channels are generated along the same direction. The interlayer distance is about 6.04 Å. The amine molecules act as charge compensating cations, but could not be located during structure solution and refinement due to severe structural disorder. Nevertheless, on the basis of the structure of similar compounds it can be assumed that the cations are located below/above the pores. The void space of 1975.8 Å 3 as calculated with PLATON is about 67 % of the unit cell volume. Comparable void spaces are [18] .
The SEM image of a crystal of 1 (Fig. 3, left) shows the layered nature of the material with thin platelets stacked onto each other. An image taken with a light microscope is presented in Fig. 3 , right, demonstrating the (pseudo)-hexagonal shape.
Compound 1 is a new member of the thiostannate family R-SnS-1 [43, 44] . In R-SnS-1, the two-dimensional [Sn 3 S 7 ] 2− anionic layers exhibit rings consisting of 24 atoms with pore dimensions from 10 to 11 Å, depending on the size of the charge-compensating cations/amines R. The organic molecules are located above/below the pores and between the layers [45] . Typical values of the interlayer distances are about 7 to 9 Å depending on the size and orientation of R located in the interlayer galleries [46] . In the literature, there are also some examples where the organic structure-directing Fig. 3 (color online) . SEM image (left) and a light microscope picture (right) of light-yellow plates of (trenH) 2 
Crystal structure of {[Mn(tren)] 2 Sn 2 S 6 } (2)
Compound 2 crystallizes in the triclinic space group P1 with one formula unit in the unit cell. The structure is composed of the bitedrahedral [Sn 2 S 6 ] 4− anion composed of two edge-sharing SnS 4 tetrahedra. Two [Mn(tren)] 2+ cations are connected to the [Sn 2 S 6 ] 4− unit via bond formation between Mn 2+ and the S atoms S1 and S1a (see Fig. 4 ).
The Mn 2+ cation is trigonal-bipyramidally coordinated by the four N atoms of the ligand and one S atom of the thiostannate anion. The N-Mn-N an- gles (Table 3 ) with values ranging from 93.41 (19) to 141.32 (19) • indicate a pronounced distortion of the trigonal bipyramid. The N(2)-Mn(1)-S(1) angle of 171.13 (13) • also differs significantly from the ideal value. The Mn-N bond lengths (2.234 (5) [57] .
Both bridging Sn-S bonds (Sn-S3 and Sn-S3a) are significantly longer with 2.4677(15) and 2.4583(17) Å than the Sn-S bonds to the terminal S atoms with 2.3618 (13) (Fig. 5) . The terminal S atoms have relatively short contacts to N atoms in the range 2.576 -2.934 Å (Fig. 6) [27] .
Raman spectroscopy
The Raman spectra of both compounds are shown in Fig. 7 . The three Sn-S stretching modes of the SnS 5 polyhedron of 1 are in the range 400 -250 cm −1 [59] . An asymmetric stretching vibration occurs at 364 cm −1 for 1 and at 378 cm −1 for 2, and the symmetric stretching modes of the equatorial SnS 3 unit at 340 and 346 cm −1 , respectively. The signals at 278 and 281 cm −1 are assigned to the symmetric stretching vibration of the Sn 2 S 2 ring [35, 60] .
Conclusions
The layered compound (trenH) 2 Sn 3 S 7 (1) is a new members of the R-SnS-1 thiostannate family. The structure features the typical Sn 3 S 4 semi-cubes which are constructed by edge-sharing SnS 5 trigonal bipyramids. The semi-cubes are joined via common edges yielding the anionic [Sn 3 S 7 ] 2− layers with pore sizes of about 11 × 11 Å 2 . The protonated amine molecules act as charge compensating cations and structuredirecting agents. It is most likely that they are located above and below the pores and between the layers.
Crystal structure determination of such layered compounds is often difficult because the thin platelet-like crystals are twisted and shifted against each other (see Fig. 3 ). One way to improve the crystal quality and to avoid the disorder of the crystallites are growth experiments without gravitational force as demonstrated in 1997 by Ozin and co-workers who obtained very good crystals of (TMA) 2 Sn 3 S 7 in a space lab [59] .
The structure of 2 features the typical thiostannate anion [Sn 2 S 6 ] 4− connected to two [Mn(tren)] 2+ complexes via Mn-S bonds forming the neutral moiety {[Mn(tren)] 2 Sn 2 S 6 } instead of discrete ions as could be found in many other thiostannate compounds.
In the Raman spectra of both compounds typical modes of the thiostannate anions are observed, and the different shifts are in agreement with the Sn-S bond lengths of the compounds.
